We present the first study of the statistics of GHz photons in quantum circuits, using HanburyBrown and Twiss correlations. The superpoissonian and poissonian photon statistics of thermal and coherent sources respectively made of a resistor and a radiofrequency generator are measured down to the quantum regime at milliKelvin temperatures. As photon correlations are linked to the second and fourth moments of current fluctuations, this experiment, which is based on current cryogenic electronics, may become a standard for probing electron/photon statistics in quantum conductors.
tors correlating the power fluctuations of a single electromagnetic source at the outputs of a beam splitter ( Fig.1-a) . Positive correlations observed for thermal photons within the coherence time have been interpreted as originating from photon bunching due to Bose-Einstein statistics [2] . Since correlations are very sensitive to statistics, HBT experiments have been widely used to investigate optical sources: laser light has poissonian fluctuations revealed by vanishing HBT correlations; negative correlations have also been reported for non-classical sources [3] .
HBT correlations have also been observed with degenerate electrons in quantum conductors, where the analogue of the photon flux is the electrical current. Due to Fermistatistics, electrons emitted by contacts can be noiseless. As a result, sub-poissonian noise and electron antibunching are observed [4, 5, 6, 7] , in quantitative agreement with predictions [8, 9, 10, 11] . Comparing photon and electron statistics would remain a formal exercise unless one notices the dual representation of the current as fermionic excitations in a quantum conductor and bosonic electromagnetic modes in the external measuring circuit.
This rises the intriguing question on how to relate the sub-poissonian statistics of electrons fluctuations in the conductor to the statistics of the emitted photons [12, 13, 14] . A first theoretical answer has been given in Ref. [15] where the photon statistics is shown to remarkably deviate from the superpoissonian black-body radiation. As shown below there is also a direct relation between photon statistics and the fourth moment of the electron Full Counting Statistics [14] .
But, how to measure reliably the photon statistics in quantum circuits? Quantum effects in conductors, best displayed at sub-Kelvin temperatures, require few photon number detection at GHz frequencies and make experimental detection of TEM photon fluctuations challenging. An elegant approach is provided by Quantum Dots and Superconducting mesoscopic photon detectors [16, 17] . However, a more versatile approach is to use cryogenic low noise amplifiers (LNA) followed by detectors.
In this letter, we present the first HBT photon correlation measurements in the GHz range and in the few photon population number regime. The use of linear phase-insensitive amplification prior to photon detection provides a new situation having no optical counterpart.
It is shown to preserve the nature of the HBT correlations characterizing the photon source under test. The sensitivity to various statistics is tested. First, an impedance matched resis-tor is used which provides an ideal black-body thermal source. Although expected, we show for the first time that the Johnson-Nyquist noise is associated with superpoissonian noise and positive HBT correlations characteristic of Bose-Einstein thermal distribution. Second, a low noise radiofrequency generator is used as a monochromatic coherent photon source. It is found to generate coherent photons with poissonian statistics and vanishing HBT correlations (like a Laser). Regarding auto-correlations, which are sensitive to detection details, a quantum description of the amplifier noise is made which quantitatively agrees with our measurements.
Following Nyquist [18] , the current noise power of a conductor of conductance G can be related to the power of TEM waves emitted in the external circuit. If Z is the characteristic circuit impedance, the average power in a small frequency range ν, ν + dν is:
Here N is the photon population, and S I (ν) = (∆I) 2 /dν the spectral density of current fluctuation ∆I(t) filtered in the frequency range ν, ν + dν [19] . The fluctuations of the current noise power entail fluctuations in the photon power at frequencies much lower than ν. For classical currents, its variance, proportional to the low frequency bandwidth B, is:
and that of the photon population is directly related to the fourth moment of the current fluctuation:
According to Glauber [20] , thermal fluctuations of a classical current lead to superpoissonian
with N given by the Bose-Einstein distribution. In the case of quantum conductors, the current is no longer a classical observable and the unsymmetrized current noise operator [16, 21] . A full quantum treatment can be found in Ref. [15] which shows that, for conductors with large numbers of electronic modes, the statistics of photons shows only small deviations from Bose-Einstein distribution even when shot noise dominates over thermal noise. However, a single electronic mode conductor with transmission close to 1/2 is found to emit non-classical photons for frequency in the range I/e. Non-classical photons are characterized by negative deviations (∆N) 2 − N from the Poisson statistics, which is precisely the quantity that HBT correlations measure. This remarkable result and the connection with the fourth moment of the full electron current statistics provide a strong motivation to investigate HBT photon correlations in quantum circuits.
The radio-frequency equivalent of the optical HBT experiment is shown in Fig.1 
Here is attenuated at cryogenic temperature T att . The average power P a in (a), is chosen comparable to that delivered by the thermal source in experiment B. As for a Laser, the source is expected to generate coherent photon states [20] . The photon statistics being Poissonian, the low frequency power fluctuations of source (a) in bandwidth B are (∆P a ) 2 = 2Bhν 0 P a .
An important question is whether attenuation and amplification before detection change the statistics and if yes how? According to references [22, 23] , the commutation rules for bosonic input and output operators imply the addition of an extra bosonic operator describing the amplifier/attenuator noise. Applying this quantum constraint, we find (in units referred to the amplifier chain input):
where we have used T att = T 0 . Again, amplification has no effect on HBT cross-correlations 
